I. SPIN DENSITY MAPS
Of the 4 systems belonging to the VH x family, 3 show an open-shell character, the exception being VH 4 . In Figure S1 spin density maps obtained at the B3LYP/6-21G level are reported. Two planes have been considered for VH d 1 : the first is defined, according to the atomic labeling reported in Figure 1 of the manuscript, by atoms 1, A, and D (the latter with the unpaired electron with β spin, first panel) and by atoms 1, C, and B (both with the unpaired electrons with α spins, second panel). As can be observed, in order to reduce the Pauli repulsion, a small amount of electron with β spin is localized on the hydrogen atom, which leads to an α spin polarization on its first nearest neighbor (namely, atom A). This behavior is enhanced when the quadruplet spin state (VH d 1 ) is considered (third panel). When the VH 2 system is considered (fourth and fifth panels), irrespective of the state, spin density maps are projected onto the plane defined by atoms C, D, and the center of the vacancy; the latter has been defined as the centroid of atoms A, B, C, and D. It is interesting to notice the alternation of the spin-polarization among first nearest neighbors, also in this case for reducing the Pauli repulsion. Finally, as regards VH 3 , that has a single unpaired electron, the plane is defined by atoms A, 1, and D.
Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics. This journal is © the Owner Societies 2018 The band structure of the systems and states here investigated are shown in Figure S2 , where the energy levels associated to α and β electrons are represented by continuous black and dotted red lines, respectively. All the investigated systems but VH 4 have an open-shell ground state. The gap of the explored systems grows when the number of hydrogen increases, and it has an upper limit in the pristine diamond gap value (5.76 eV). For VH 4 it is 5.67 eV. In all other cases, defect states related to the uncoupled electrons are present in the gap. In these cases the reference lowest difference between HOCO and LUCO are the singlet (1.64 eV) and triplet states (1.37 eV) of the pure vacancy (top left panels). The number of the states present in the diamond gap reduces as a consequence of hydrogen saturation, as the energy levels of the electrons involved in the C-H bonds fall down in the occupied manifold. In the VH 1 case (three uncoupled electrons), the three energy levels appearing in the gap just below the Fermi energy (marked by the horizontal blue line) are two α and one β for the doublet, and three α for the quadruplet. In VH 2 (two uncoupled electrons), there is one α and one β band under the Fermi levels for the singlet, and two α bands for the triplet. In VH 3 , there is a single uncoupled electron, with one α level in the gap and below the Fermi level. The energy dispersion of the levels occupied by the unpaired electrons is slightly smaller than 1.0 eV for all spin states with the 64 atoms supercell, and is a measure of the interaction between defects belonging to different cells. When the supercell size increase, and then the defect concentration reduces, the energy dispersion reduces too, rapidly. [1] Black arrows indicate the direct transitions involving the last occupied and the first unoccupied energy levels of the diamond structures hosting the defects. Table S1 compares the E G , E H and E f quantities as obtained with the various functionals. As regards E G , as expected, HF is at one extreme (11.8 eV), LDA and PBE at the other extreme (3.97 eV); the three hybrid functionals do have similar gaps ranging from 5.13 and 5.77 eV. The homolytic dehydrogenation of B3LYP, PBE0, HSE06 and PBE are all in the narrow interval 2.02-2.36 eV, whereas the HF value is much smaller, and the LDA one very much higher. It turns then out that the choice of the hybrid functional is not critical for E H , and that PBE is not far from them.
III. FORMATION ENERGIES OF THE DEFECTS

